Therefore, Mg is widely thought to be one of the most important factors in exercise and physical performance. Mg depletion during exercise may lead to changes in neuromuscular function and reduce physical performance [5] .
Several studies have demonstrated the beneficial effects of Mg supplementation on exercise performance [3, [6] [7] . The effects of a Mg supplement on strength development for knee extension were examined, and the results showed that strength measured by isokinetic torque was significantly increased in the Mg supplement group [6] . Moreover, Mg supplementation was shown to have beneficial effects in our previous two studies [3, 7] .
Deep seawater (DSW) has been found to be far richer in minerals such as Mg, Ca and K compared to surface seawater, and thus its utilization and application in the fields of agriculture, medical treatment, and the food industry has become the focus of considerable research [8] and cardiovascular haemodynamics in animal model studies [9] [10] [11] .
Nigari is refined from deep seawater (DSW) through the process of electrolysis and reverse osmosis to remove calcium sulfate and sodium chloride as well as to retain the high concentration of magnesium chloride and other important trace minerals [12] . Given the importance of the numerous micronutrients present in nigari, the effects of nigari on exercise performance warrant further study. In the present study, nigari was administered to gerbils subjected to treadmill exercise, and the effect on treadmill exercise performance was investigated. Co., Taoyuan, Taiwan) used in the experiment. The treadmill was equipped with wire loops and retention sensors at one end of the belt through which a mild electric shock could be delivered, as shown in Figure 1 . Electric shocks were used sparingly to motivate the animals to run, as described in our previous study [3] . The gerbils were stimulated at the lowest level (a current of 0.6 μA with an inter-pulse interval of less than 2 s). The experimental animals used in the present study were unfamiliar with motorized treadmills and had not previously experienced electric shock. The retention bar to the rear of the treadmill track administered a shock to a gerbil's tail if it failed to run at the required speed. The retention number was recorded during treadmill exercise and was used to represent exercise performance, i.e., a low retention number indicated better performance. Retention was defined as the number of animals approaching the defined electrified grid area at the rear and was counted during the exercise periods [3] . 
MATERIALS AND METHODS

Adult
Statistical analysis
All data were expressed as means ± SEM. The Mann-Whitney U test was used to analyse statistically significant differences between the two groups. Differences were considered statistically significant at p < 0.05.
RESULTS
The average retention numbers in the treadmill exercise were compared to those of the control group at the same speeds. In addition, the retention numbers were also lower in the nigari-treated group at 10 m · min -1 than in the control group, but the difference was not significant. . These results may be due to some unknown aspects of gerbil behaviour which could not be adjusted in the investigation. Gerbils are known, for instance, to be easily startled [15] [16] [17] , and perhaps their improved performance at the higher speeds was due to the additional practice and/or learning gained at the lower speed. Furthermore, the higher retention numbers at Mg is regarded as one of the most important elements in exercise as well as physical performance. There is also evidence that Mg deficiency can result in a significant reduction in exercise performance, and a decline in optimal sport performance [5, 18] . These results have been demonstrated in terms of associations of Mg with variables such as heart rate, maximal oxygen uptake, time to exhaustion, and other parameters in athletes [5] . Deep seawater is a pure source of various minerals and is far richer in nutrients such as Mg compared to that of surface seawater; and thus it has been the focus of considerable research, particularly with regard to its putative nutraceutical effects. In addition to its use in health food products, cosmetics, beverages, and agriculture, the administration of deep seawater has been shown to be effective in the prevention of atherosclerosis and osteoporosis in animal model studies [9, [19] [20] and appears to improve atopic eczema/dermatitis and postprandial hyperlipidaemia in humans [21] [22] . Nigari is refined from deep seawater containing a variety of minerals (mainly Mg) and small amounts of other trace elements. Previous studies have evaluated the effect of oral nigari supplementation on postprandial serum lipid and paw oedema in various experimental models [22] [23] . However, to the best of our knowledge, the effect of nigari supplementation on exercise performance in an animal model has not been previously reported. In this study, we examined the effect of nigari on exercise performance as measured by retention numbers in gerbils. The retention number at the speed of 10 m · min -1 in the nigari-treated group was lower than that of the control group, but the difference was not significant.
FIG. 1. SCHEMATIC VIEW OF THE EXPERIMENTAL TREADMILL
However, the retention numbers in the nigari-treated group were lower at the speeds of 15 and 20 m · min -1 (50% and 73% lower, respectively) compared to those of the control group, and hence the exercise performance was apparently significantly enhanced at these higher speeds in the nigari-treated group.
Numerous investigators have demonstrated that a reduction in serum or plasma magnesium concentration occurs with prolonged endurance exercise. Some studies have reported that hypomagnesaemia during exercise may be accounted for by a redistribution of Mg in the body compartments, such as erythrocytes, adipose tissue, and exercising muscle. Furthermore, strenuous exercise may also induce an apparent increase in sweat and urinary excretion of Mg.
All of these factors contribute to Mg deficiency, which can reduce muscular efficiency and exercise performance and may, in turn, increase Mg requirements by 10-20% [24] . We have previously demonstrated that pre treatment with magnesium sulfate enhanced exercise performance and elevated both plasma Mg and glucose levels in gerbils during forced swimming exercise [3, 7] . Furthermore, in a previous study, we showed that pre treatment with magnesium sulfate increased glucose and magnesium levels in the cortex, and also resulted in increased GLUT-3 protein expression [25] . These data suggest that the magnesium sulfate-elevated cerebral glucose concentrations may be enhanced by GLUT-3 expression, and the peripheral and central glucose levels may be elevated via the regulation of both the glycolysis pathway and oxidative phosphorylation.
In addition, magnesium serves as a cofactor in many rate-limiting enzymes including hexokinase, pyruvate dehydrogenase, and creatine kinase [25] [26] . Mg supplementation seems to have a potentially beneficial effect on muscle energy metabolism and work efficiency.
In the present study, the lack of a significant difference in retention numbers between the nigari-treated group and the control group at forms, and experimental models used in the studies. It is well known that Mg is involved in numerous processes that affect muscle function, including oxygen uptake, energy metabolism, and electrolyte balance. These phenomena suggest that the Mg in nigari may be responsible for the improvement of exercise performance.
CONCLUSIONS
In summary, the present study demonstrated that nigari supplementation was associated with significantly improved exercise performance in gerbils subjected to treadmill exercise. The application of nigari in exercise performance studies involving other animal species, such as rats or mice, is warranted. Furthermore, the effects of nigari supplementation on athletes' exercise performance is also worthy of further investigation.
